Background and methods. The SMART study compared 2 strategies for using antiretroviral therapy-drug conservation (DC) and viral suppression (VS)-in 5472 human immunodeficiency virus (HIV)-infected patients with CD4
There has been a growing recognition that short-and long-term adverse events [1, 2] , difficulties with maintaining high rates of adherence [3, 4] , the development of resistance [5] , and cost could all affect the ability to sustain the positive effects of antiretroviral therapy (ART). Thus, it is critical that research be conducted to optimize strategies for use of available drugs. One potential strategy is to delay or interrupt ART while the CD4 ϩ cell count remains above a certain threshold (so-called CD4 ϩ cell count-guided interruptions). Recently, 3 randomized, controlled trials (SMART [6] , Trivacan [7] , and DART [8] ) were prematurely halted on the recommendation of the data and safety monitoring boards because of a Ͼ2-fold excess risk of predefined diseases associated with chronic HIV infection (opportunistic diseases [ODs] ) in the group allocated to treatment interruption. Consistent with these results, in a fourth study (Staccato) , an excess risk of OD in the CD4 ϩ cell count-guided interruption arm was also observed [9] . In SMART, there was also a difference in the risk of serious ODs and all-cause mortality [6] .
In the report of the primary results of SMART [6] , much, but not all, of the excess risk of the primary end point, OD or death (OD/death), associated with the CD4 ϩ cell count-guided interruption of ART was related to lower CD4 ϩ cell counts and higher HIV RNA levels during follow-up, compared with those in the continuous ART group. Here, we further explore the reasons for the higher-thanexpected rates of OD/death (and of OD and death analyzed separately) in the ART-interruption group. An improved understanding of the underlying reasons for the higher rates of nonfatal or fatal OD events and of death from causes other than OD (non-OD death), particularly at higher CD4 ϩ cell counts, could provide insights into the risks of uncontrolled viral replication and help to determine whether the CD4 ϩ cell count can be relied on as the primary marker of HIV-induced immunodeficiency.
METHODS
Study design and conduct. The SMART study was a randomized trial conducted by 318 clinical sites in 33 countries comparing 2 ART strategies in HIV-infected adults with CD4 ϩ cell counts Ͼ350 cells/L. Details of the design and conduct of SMART have been published elsewhere [6] . Briefly, the viral suppression (VS) strategy involves continuous use of ART with the goal of maximal suppression of HIV replication, whereas the CD4 ϩ cell count-guided interruption-of-ART strategy (drug conservation [DC]) involves stopping ART when CD4 ϩ cell counts are Ͼ350 cells/L and reinitiating ART when CD4 ϩ cell counts fall to Ͻ250 cells/L. On 11 January 2006, enrollment was stopped and the DC strategy discontinued, because of the increased risk of OD (see the primary report [6] for a list of ODs) or death from any cause in comparison to the VS strategy.
In the present article, the influence of CD4 ϩ cell count and HIV RNA level on 3 clinical outcomes is assessed: (1) OD/death, the primary end point of SMART; (2) fatal or nonfatal OD; and (3) non-OD death. Statistical analyses. For each treatment group, the overall median follow-up CD4 ϩ cell count was determined as the median of counts at months 2, 4, 8, and every 4 months thereafter from the time of randomization for all patients, censored at the time of OD/death. Overall HIV RNA levels, CD4 ϩ cell percentages, and CD4 ϩ cell count slopes were determined similarly.
Throughout follow-up, the latest CD4 ϩ cell count slope was calculated using the latest CD4 ϩ cell count and the count preceding it (unit, cells/L/month). Postrandomization HIV RNA levels and CD4 ϩ cell counts were summarized in a scatter plot using contour lines that identified where 25%, 50%, and 75% of the pairs of CD4 ϩ cell counts and HIV RNA levels resided; the contour lines were estimated nonparametrically [10] , on the basis of the CD4 ϩ cell counts and HIV RNA levels at months 2, 4, 8, and every 4 months thereafter.
Cox proportional hazards models were used to assess the effects of time-dependent covariates (latest measurements for CD4 ϩ cell count, CD4 ϩ cell percentage, HIV RNA level, and CD4 ϩ cell count slope) and fixed covariates (defined at baseline) on the hazard ratios (HRs) of the 3 outcomes in the 2 treatment groups. For these analyses, HIV RNA levels were categorized into 3 strata. Follow-up time was defined as the period from randomization to the first occurrence of the outcome of interest, death, loss to follow-up, or 11 January 2006.
Person-years at specific CD4 ϩ cell counts or HIV RNA levels were counted using the latest measured value during follow-up. In these follow-up time strata determined by latest CD4 ϩ cell count and HIV RNA level, the relative risk (RR) for the DC group versus the VS group-hereafter, "RR(DC/VS)"-was estimated by Poisson regression. For the DC group, event rates were also estimated during follow-up for the first period of not receiving ART (from randomization to ART [re]initiation), the first subsequent period of receiving ART (censored at ART discontinuation), and the remaining later follow-up time.
All P values are 2-sided. Analyses were performed using SAS (version 9.1). Figure 1 was generated using R (available at: http:// www.r-project.org/). counts 350 cells/L in both groups (69% vs. 92%), whereas the duration of follow-up time with HIV RNA levels Ͼ400 copies/mL was substantially higher for the DC group than the VS group (71% vs. 28%), reflecting less use of ART in the former group. A total of 121 patients in the DC group and 48 patients in the VS group experienced at least 1 OD/death event, giving rates for this outcome of 3.4 and 1.3/100 persons-years, respectively (HR, 2.6 [95% confidence interval {CI}, 1.9 -3.6]). In patients with at least 1 event, 75 (62%) in the DC group and 22 (46%) in the VS group were ODs (fatal or nonfatal). Non-OD deaths occurred in 51 (42%) and 27 (56%) patients, respectively.
RESULTS

The
Laboratory markers during follow-up. Figure 1 shows a scatter plot for pairs of CD4 ϩ cell counts and HIV RNA levels observed during follow-up in the DC and VS groups. The contour lines circumscribe the areas of highest density for 25%, 50%, and 75% of the pairs in the DC (red) and VS (blue) groups. The figure also shows box plots for the distributions of CD4 ϩ cell counts and HIV RNA levels, both overall (red, DC; blue, VS) and just before the occurrence of OD/death events (gray). The median latest CD4 ϩ cell counts before OD/death events were 342 and 530 cells/L for the DC and VS groups, respectively (figure 1, vertical dashed lines), compared with the overall medians of 417 and 617 cells/L for the entire DC and VS groups, respectively (vertical dotted lines). Thus, for both strategies, patients who experienced an OD/death event had a median latest CD4 ϩ cell count before the event that was 75-87 cells/L lower than the median follow-up counts in their respective treatment group. The situation for HIV RNA level was similar, with higher values just before the occurrence of events relative to the median values during follow-up for each group.
Risk factors for clinical outcome. For patients in the DC and VS groups, a 100 cell/L higher latest CD4 ϩ cell count was associated with a 25% (95% CI, 14%-35%) and 15% (Ϫ1% to 29%) reduced risk of OD/death, respectively (table 1). In the DC group, the latest CD4 ϩ cell count appeared to be a stronger predictor of OD (fatal and nonfatal) than of non-OD death. Evaluation of the CD4 ϩ cell percentage rather than the absolute CD4 ϩ cell count yielded comparable findings. The latest HIV RNA level was predictive of OD/death, OD (fatal or nonfatal), and non-OD death in the VS group but not in the DC group, after adjustment for latest CD4 ϩ cell count (table  1) . When the analyses were repeated including only events that occurred at a latest CD4 ϩ cell count 350 cells/L, the same general pattern emerged (data not shown).
The unadjusted HR of DC versus VS for OD/death was 2.6 (95% CI, 1.9 -3.6), and, after adjustment for the covariates shown in table 1, it fell to 1.3. Likewise, the HR of DC versus VS declined from 3.5 (95% CI, 2.2-5.6) to 1.4 for fatal and nonfatal OD and from 1.9 (95% CI, 1.2-3.0) to 1.3 for non-OD death after adjustment.
Risk of clinical disease in laboratory-defined subgroups. The rates of OD/death-and the rates of OD (fatal and nonfatal) and non-OD deaths-in the 2 follow-up strata with the lowest ϩ cell counts and HIV RNA levels obtained at months 2, 4, 8, and every 4 months thereafter, summarized by red and blue contour lines that circumscribe the regions of highest density for 25%, 50% and 75% of the CD4 ϩ cell count/HIV RNA level pairs in the drug conservation (DC; red) group and the viral suppression (VS; blue) group. Red (DC) and blue (VS) box plots show separately the distributions of CD4 ϩ cell counts (horizontal plots; median, interquartile range, and range) and HIV RNA levels (vertical plots). The gray box plots show the latest CD4 ϩ cell counts and HIV RNA levels before opportunistic disease or death (OD/death) for the 121 DC and 48 VS patients with such an event. Vertical and horizontal lines mark the median CD4 ϩ cell count and HIV RNA level for the entire treatment group (dotted) and the medians of the latest values before OD/death (dashed). Gray shading highlights HIV RNA levels 400 copies/mL. 
4).
During follow-up, when the latest HIV RNA level was 400 copies/mL, rates of OD/death, OD (fatal or nonfatal), and non-OD deaths were higher in the DC group than the VS group; in the 3 strata with higher latest HIV RNA levels, the differences in rates between the 2 groups were not statistically significant (figure 2B).
To further explore the findings displayed in figures 2A and 2B, time spent with the latest CD4 ϩ cell count 350 cells/L was further broken down into time spent with the latest HIV RNA level 400 and Ͼ400 copies/mL (table 2). In both the DC and VS group, event rates at a latest CD4 ϩ cell count 350 cells/L were highest when the HIV RNA level was Ͼ400 copies/mL. The greater risk at a latest CD4 ϩ cell count 350 cells/L in the DC group than the VS group is explained in large part by the longer time spent with a HIV RNA level Ͼ400 copies/mL, allowing for more events to occur (43 OD/deaths during 1709 person-years at a latest CD4 ϩ cell count 350 cells/L and a latest HIV RNA level Ͼ400 copies/mL in the DC group, vs. 18 during 856 person-years in the VS group). Most of the follow-up for the VS patients was spent at CD4 ϩ cell counts 350 and HIV RNA levels 400 copies/mL (69% of follow-up time), and the rate of OD/death was very low (0.7/100 person-years). The RR(DC/VS) of OD/death at these latest levels was 2.8 (95% CI, 1.4 -5.7). In the DC group, OD/deaths at a latest CD4 ϩ cell count 350 cells/L and a latest HIV RNA level 400 occurred predominantly while receiving ART (rate of 2.1 during the first period of receiving ART, compared with 0.7 during the first period of not receiving ART). Additionally, personyears while receiving ART and having a CD4 ϩ cell count 350 cells/L and an HIV RNA level 400 copies/mL were mostly accumulated after the first (re)initation of ART (509/790 personyears) ( -up and, for the drug conservation (DC) group, during  the first period of not receiving antiretroviral therapy (ART) (from randomization to ART [re]initiation), the first subsequent period of  receiving ART, and the remaining later follow-up ART and risk of clinical outcome in the DC arm. To determine whether ART interruption per se was associated with an increased risk of OD/death in the DC group, analyses according to use of ART at entry were done. Overall, OD/death rates for DC patients were similar for those receiving (3.2/100 personyears) and not receiving ART (4.0/100 person-years) at entry. Rates of events during the first period of not receiving ART and the first subsequent period of receiving ART were also similar for DC patients who were taking ART at entry (i.e., those who discontinued ART) and those who were not (i.e., those who deferred initiation of ART). For example, in the stratum with a CD4 ϩ cell count 350 cells/L and an HIV RNA level Ͼ400 copies/mL, during the first period of not receiving ART, rates were 1.9 and 2.5/100 person-years for DC patients taking and not taking ART at entry, respectively. For this same stratum, during the first period of on ART during follow-up, rates were 6.4 and 4.5/100 person-years, for DC patients taking and not taking ART at entry. Analyses were also done for DC patients to determine whether rates of OD/death were higher immediately after (re)initiating ART and then declined, which would be consistent with clinical disease induced by restoration of immune function once ART was (re)initiated. Rates of OD/death events for DC patients during their first period of receiving ART, which started at the first (re)initiation of ART after the initial deferral or discontinuation of ART at study entry, were 5. 
DISCUSSION
The SMART study demonstrated that continuous use of ART was superior to a CD4 ϩ cell count-guided episodic ART strategy in terms of delaying OD/death [6] . Continuous ART reduced HIV RNA levels and increased CD4 ϩ cell counts, whereas interruption of ART resulted in opposite trends. Figure 1 shows that follow-up CD4 ϩ cell counts tended to be higher and HIV RNA levels tended to be lower in the continuous ART group (VS) than in the ART interruption group (DC), as was anticipated per the design of the SMART study. We previously reported that differences in CD4 ϩ cell count and HIV RNA level during follow-up explained most, but not all, of the excess risk of OD, OD/death, and non-OD death for the DC group compared with the VS group [6] . The more-detailed analyses conducted here indicated that the excess risk of OD/death in the DC group compared with the VS group is likely to be due to 2 factors: (1) DC patients spent a much greater percentage of follow-up time with CD4 ϩ cell counts Ͻ350 cells/L than do VS patients, and the risk of OD/ death was substantially greater at those levels than at 350 cells/ L; and (2) DC patients had HIV RNA levels Ͼ400 copies/mL for most of the follow-up time when their CD4 ϩ cell counts were 350 cells/L, and this uncontrolled viral replication even at these higher CD4 ϩ cell counts was associated with an increased risk of OD/death. Although the risk of OD/death was also elevated in DC patients with a CD4 ϩ cell count 350 cells/L and an HIV RNA level 400 copies/mL, we believe that this can be largely attributed to clinicians being more likely to have patients in the DC group at high risk of clinical events continue ART for longer periods of time while their CD4 ϩ cell counts were 350 cells/L rather than interrupt ART as per study guidelines. This may have resulted in these patients spending more time with an HIV RNA level 400 copies/mL than DC patients at less risk of events. Such selection could have resulted from the study recommendation to (re)initiate ART early (i.e., before CD4 ϩ cell counts reached the threshold of Ͻ250 cells/L) on the basis of detection of symptoms or evidence of a rapid decline in CD4 ϩ cell count. In support of this explanation, there is evidence that those who (re)initiated ART were, as a group, already at a higher risk of clinical disease at baseline. Moreover, decisions to restart ART at a CD4 ϩ cell count 250 cells/L could have been based on subtle signs of impending clinical disease that a clinician had discerned but that were not captured in our data. Also, when the DC strategy was terminated on 11 January 2006, 49% of the patients were still in their first period of not receiving ART and had an HIV RNA level Ͼ400 copies/mL, which would be expected to amplify the overrepresentation of high-risk patients with respect to person-time with an HIV RNA level 400 copies/mL. This selection of DC patients with a higher risk of OD/ death to (re)initiate ART may also explain why the RR of OD/ death associated with the latest HIV RNA levels was weaker in the DC group. Those who comprised the "denominator" in these analyses (i.e., those with an HIV RNA level 400 copies/ mL) already had a high rate of the outcome.
The inferiority noted with the DC strategy in terms of the 3 clinical events described above was similar in patients who were taking and not taking ART at study entry, which argues against treatment interruption per se as the explanation, although it is important to keep in mind that the number of patients were not taking ART at entry was relatively small (n ϭ 880).
We also considered the possibility that the occurrence of higher rates of OD/death in the DC group may be due to sequelae of (re)initiation of ART as, for example, immunerestoration disease. However, our data do not appear to support this hypothesis. This syndrome is also most likely to occur in patients with more-advanced immunodeficiency [11, 12] than that observed in this study. Although the rate of OD/death after ART (re)initiation and while having a HIV RNA level 400 copies/mL in the DC group was higher than the overall rate of OD/ death in the VS group, at least some of these events were expected to occur because of the lower CD4 ϩ cell count at the time when ART was (re)initiated (median, 235 cells/L) and because of the assumed tendency of clinicians to preferentially administer ART to patients with emerging symptoms before the event was diagnosed, as discussed above.
The observed association between higher latest CD4 ϩ cell counts and a lower risk of OD in both the DC and VS groups, despite the generally relatively high CD4 ϩ cell counts throughout follow-up, corroborates the findings of a recent study [13] and suggests that the incidence of ODs becomes progressively lower with higher CD4 ϩ cell counts, even for those counts above the current threshold for initiation of ART.
The increased risk in the DC group compared with the VS group when latest CD4 ϩ cell counts were 350 cells/L appears to be explained by the increase in viral replication after cessation of ART. DC patients had much higher HIV RNA levels than did VS patients during the time when CD4 ϩ cell counts were 350 cells/L. The detrimental effect of higher levels of HIV RNA even at high CD4 ϩ cell counts may be due to the impairment of immune function via mechanisms that are not entirely reflected by the number of CD4 ϩ cells in peripheral blood, comparable to reports for primary HIV infection [14 -17] . Furthermore, risk of OD is also known to be predicted by markers of immune activation, independently of HIV RNA level and CD4 ϩ cell count [18, 19] . It may be, for example, that HIV RNA level is also acting as a measure of immune activation, in the absence of more-direct measures. Additionally, some organ pathologies may be directly caused by HIV replication [20, 21] .
The risk of death from causes other than OD was significantly higher in the DC group than the VS group, and there was a suggestion that these deaths were also inversely associated with latest CD4 ϩ cell count (table 1), although the association was weaker than that for OD and did not achieve statistical significance. The influence of latest CD4 ϩ cell count is further supported by the reduction in the RR(DC/VS) for non-OD death once adjustment was made for latest CD4 ϩ cell count. These findings confirm recent reports suggesting a detrimental effect of immunosuppression on the risk of fatal outcomes of diseases not traditionally believed to be opportunistic in nature, for example, deaths from liver failure [22] [23] [24] . This finding affirms the importance of using combined outcomes (such as OD and all-cause mortality) for assessment of outcomes of HIV-treatment strategies (as was done in SMART), rather than focusing solely on OD and death due to OD as clinical outcomes of interest. Because deaths from causes other than OD dominate among patients receiving ART [22, [25] [26] [27] [28] [29] [30] , the SMART study finding, along with recent data from observational studies, support consideration of initiating ART before even moderate levels of immunodeficiency develop. However, definitive information to guide such an approach await the conduct of a randomized trial approaching the scale of SMART.
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